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The Lorentz line shape formula is applied in the determination of half-width parameters 
due to foreign gas broadening. Various pressures of SO2 and CO2 are added to HCl and CO, 
respectively. The (1-0) and (2-0) HCl bands, as well as the (2-0) CO band, are investi- 
gated, and there is found to be a very definite relationship between the half-width and the 
rotational quantum number, /. No error of more than 5 percent should be expected for 
the values of 7° presented. Some pressure-shifts are observed for HCl, but no quantitative 
determinations are made. 



1. Introduction 

In recent years an interest has developed in the 
area of pressure-broadening effects. Several studies 
have been made in the field [1, 2, 3],^ a great number 
of which have been restricted to the self-broadening 
of gases. There have also been some which have 
dealt with the broadening effects induced by the 
addition of a foreign gas to the sample under investi- 
gation. Many of these experiments, including the 
present one, have been performed using higlily polar 
hydrogen chloride (see refs. 1, 2), because of its 
relative simplicity and freedom from overlapping. 
The proximity of the isotopic doublet HCP^ and 
HCP^ also allows one to establish a calibration 
reference without resorting to extrinsic methods. 

Several similar studies have also been made with 
regard to carbon monoxide (see ref. 3). These have, 
for the most part, been limited to self-broadening. 

The results of recent work on both HCl and CO 
have shown in general that the broadening effect 
becomes greater as one goes from a higher to a 
lower value of the rotational quantum number, «/. 
This holds true for both self-broadening and foreign 
gas broadening. 

The parameters of interest in such an investigation 
as this are the line strengths, shapes, and widths. 
From a knowledge of the line strength, S, informa- 
tion can be obtained regarding the quantum-mechan- 
ical transition probability. The width and shape 
of a line are directly related to the specific inter- 
molecular forces involved in the broadening process. 
The relationship between these parameters may 
most easily be seen by referring to the well-known 
Lorentz line shape formula 



k^^ 



IT {v-voY+y^' 



(1) 



where k is the extinction coefl&cient and 7 is the 
Lorentz half-width. 

The strengths of the individual lines of both HCl 
and CO have been measured by several investigators 

1 Figures in brackets indicate the literature references at the end of this paper. 



(see refs. 1, 2, 3). Emphasis in the present work, 
therefore, is placed on the evaluation of the half- 
width parameter, 7, of lines broadened by the addi- 
tion of a foreign gas to the sample in question. A 
nonlinear molecular gas, namely sulfur dioxide, is 
added to HCl, while carbon dioxide is the foreign 
gas used in the CO broadening study. Both the 
(1-0) and (2-0) bands of HCl, as well as the (2-0) 
band of CO, are extensively investigated. Some 
measurements of the (1-0) CO band are made to be 
used as a comparison with the values obtained from 
the harmonic band. 

A major difficulty encountered in work of tliis 
kind is the deviation of a spectral line from its true 
shape caused by instrumental distortion. Although 
the resolving power of the instrument used in this 
work is quite high, it is still necessary to modify 
the observed half-width values by the inclusion of 
a slit width correction. In certain cases, notably 
in the (2-0) band of HCl, these corrections become 
as large as 20 percent of the line half-width. 

No attempt is made here to determine the abso- 
lute positions of the individual spectral lines, since 
this has been done quite accmately in the past 
[4, 5, 6]. 

2. Experiment 

The spectrometer used in tlie present experiment 
is the high resolution grating s|)ectrometer previ- 
ously described by Plyler and Blaine [7]. The instru- 
ment was provided with douhle pass optics and had 
a total path length of approximately 13 m. 

For the HCl study the source of radiation employed 
for both the (1-0) and the (2-0) bands was a 300 w 
Sylvania enclosed zirconium arc, while a Nernst 
glower was used for the investigation of CO broad- 
ening in the fundamental band. A 10,000 hnes/in. 
Bausch and Lomb grating was employed in the first 
order for the (1-0) HCl band and for the (2-0) CO 
band. The second order of the grating was used 
for the (2-0) band of HCl. Suitable optical trans- 
mission filters were inserted in the path of radiation 
to insure the purity of the desired grating order. 
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The detector used in all cases was a liquid-nitrogen 
cooled lead sulfide photodetecting cell. A. satisfac- 
tory signal-to-noise ratio of about 50 was obtained 
with a spectral slit width of 0.04 cm~i in the HCl 
fundamental, 0.075 cm"^ in the HCl harmonic, and 
0.05 in the (2-0) CO band. 

Two 10-cm absorption cells, one monel and the 
other glass, were employed. Both had sapphire win- 
dows of equal transmission. Both cells were meas- 
ured empty before and after use, in order to corrobo- 
rate the assumption that the background contribution 
was negligible. 

Measured pressures of HCl and SO2 were added 
to the cells. The pressures covered a range of from 
0.2 to 20 cm (Hg) of HCl, and from 35 to 132 cm 
(Hg) of SO2. These pressure combinations were then 
measured through both isotopes of each HCl line 
at room temperature. While scanning a line the 
grating was rotated by approximately 18 sec of 
angle per minute of time, which provided an accurate 
reproduction of spectral energy distribution. 

Utilizing the scanning method described above, 
a suitable spectrum of CO+CO2 was then obtained 
for various pressure combinations, ranging from 19 
to 45 cm (Hg) of CO, and from 42 to 158 cm (Hg) 

of CO2. 

A mounting method was devised whereby an 
S02-broadened HCl line could be compared with a 
self -broadened line at the same HCl pressure. 
This system consisted of merely shifting the cells 
alternately into and out of the radiation path while 
the spectrometer was in continuous operation. This 
method of rapid alternation was used to investigate 
the pressure shift between the two lines. In this 
case the result was, effectively, the superposition of 
one line upon the other. 



3. Results 

Figure 1 shows a typical self -broadened and SO2- 
broadened HCl isotopic doublet. The peak ex- 
tinction was measured on each HCP^ line wherever 
feasible. Where the observed absorption approached 
100 percent, the HCP^ line was measured, and the 
result multiplied by the chlorine isotopic abundance 



ratio 



. /CF 



3.07\ 



to determine the extinction coef- 



ficient of the HCP^ line in question. This abundance 
ratio was checked using doublets where both isotopes 
were well below 100 percent absorption, and seemed 
to be a good approximation. 

The extinction at several values of l^^— ^^ol was then 
calculated from the Lorentz line shape formula 
eq (1). This equation has been shown by Benedict, 
Herman, Moore, and Silverman (see ref 1) to be 
valid far enough from the resonant frequency to 
render it serviceable in the present work. It was 
then possible to measure directly on the trace the 
half-width parameter, 7. This was done at many 
points on each line corresponding to different ex- 
tinction percentages. 

The average deviation of the several values of 7 
determined for each line was found to be no more 
than 2 percent. It should be noted that measure- 
ments in all cases were made on both the P and the 
R branches. The results were found to be well 
within the same limits for both branches. 

As has previously been mentioned, a correction 
for the slit width was determined using the cor- 
rections given by Izatt [8]. These varied from 0.5 
percent to 20 percent, depending on the pressure 
and on the spectral slit width. 




Figure 1. The upper curve shows the HCl line R2 of the 2-0 hand with a pressure oj 11 cm (Hg). 
The lower curve shows the same Hne of HCl at 11 cm (Hg) pressure with 35 cm (Hg) of SO2 added. 
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The values of the half- width parameter given by 
Benedict et al. (see ref 1) for self-broadened HCl 
were then employed to determine the effect of SO2- 
broadening on the HCl line in question. Tlic (hj na- 
tion used was the following: 



7(S02) -^^802) — 7 (tot) ^ (tot)— 7 (HCl) ^(HCD- 



(2) 



The contribution of the self-broadening term can be 
seen in table 1. Table 2 gives the average values of 
7 (SO 2), where 

(3) 



7(S02) 

'^(S02)=l 

(SO2) 



P 



The numbers in parentheses in table 2 denote the 
total number of measurements averaged in each 
case. A graph of 7?so2) versus \m\ is given in figure 
2 for both the (1-0) and the (2-0) bands of HCl. 
Again using the Ijorontz shape formula, the line 
strengths of several (1-0) HCl doublets were calcu- 
lated. When corrected for the slit width, these 
were in general agreement with those published by 
Babrov et al. |9]. ^ 

Table 1. Oh,^erve(i half-width, 7, and half-widths corrected 
for self-broadening for several values of \m\ 





HCl 


CO 


\m\ 


1-0 band 


2-0 band 




1.8 cTi IICl + 74.2 cm SO2 


19 cm CO + 57 cm CO2 




7(tot) 


7(S02) 


7 (tot) 


TCCOg) 


1 


cw-i 


cm-i 


cm-i 


cm-i 


2 


0. 253 
.170 
.111 

. 0950 
. 0820 
. 0675 
. 0650 
. 0620 


0. 247 
.164 
.105 
. 0896 
. 0775 
. 0638 
.0620 
. 0595 






3 






4_. _ 


0. 0823 
.0784 
. 0754 
.0738 
.0682 
.0710 
.0860 
. 0628 
.0600 


0. 0663 


5 

6 . 


.0631 
.0593 


7 . 


. 0587 


8 


. 0540 


9 

10 _ 


. 0572 
. 0513 


11- 






. 0492 


12 






. 0474 











Table 2. Half-widths 'y°so2) /^^ HCl, and 7(co2) /^^ ^^ 





HCl 


CO 


\m\ 


1-0 band 


2-0 band 


2-0 band 




T°S02) 


y°so,) 


'Vtcoj) 


1 


0. 388 (4) 
. 262 (6) 
. 173 (6) 
.116 (6) 
. 0902 (6) 
. 0760 (6) 
. 0697 (5) 
. 0860 (4) 
. 0610 (4) 
. 0621 (3) 
. 0586 (4) 
. 0529 (3) 


cm-^ atm-^ 


0. 122 (10) 


2 


0. 253 (7) 
. 171 (8) 
. 109 (7) 
. 0862 (2) 
. 0806 (4) 
. 0739 (4) 
. 0734 (2) 
.0670 (1) 


. 110 (12) 


3 

4 

5 

6 


. 0967 (12) 
. 0901 (10) 
. 0839 (12) 
. 0765 (11) 


7 

8 

9 


. 0736 (12) 
. 0720 (10) 
. 0703 (11) 


10 - 


. 0658 (10) 


11 




. 0652 (7) 


12 _ . 




. 0650 (4) 


13 




. 0646 (2) 


14 






. 0606 (3) 


15 






.0608 (1) 











The method described above for HCl was also 
used in the determination of 7°co2) ^^i* several \m\ 
values of the (2-0) CO band. In this calculation 
fh(^ 7?co) values employed were those published by 
Benedict et al. (see ref 3). 

The Lorentz shape formula was seen to be valid 
for |i^— i^ol <C4 cm~\ and, as was the case for HCl, no 
wing correction was included in the values of 7^003) 
listed in table 2. These 7?co2) values were obtained 
through a method similar to that employed in the 
case of HCl. The following (Hpiation applies: 



7?C02)^(C02) — 7(tot) -^(tot) 7°CO)^ 



(CO)^ (CO) 



(4) 



where the average deviation of the 7 (tot) was found 
to be of the same order as that reported for 7 (tot) 
in the HCl study (<2%). 




P'iGiTRE 2. The half-widths, t°(ro2), of IICl broadened by S()2 
plotted n.s a function of the rotational level, \u\\. 
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Figure 3. The half-widths, 7°(co2)? of CO broadened by CO2 
plotted as a function of the rotational level, |m|. 
Also, self-broadened CO curve, taken from Benedict et al, (see ref 3). 
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The eflfoct of self-broadening introduced by eq (4) 
is somewhat larger for CO than it was in the case of 
HCl, as is evident from table 1. 

The average values of 7°co2) '<^^^ shown in figure 
3, along with the 7?co) self-broadening parameters 
published by Benedict et al. (see ref 3), for ready 
comparison. 

As has been mentioned, some measurements of 
C02-broadened CO fundamental lines were made. 
These agreed within ±5 percent with the 7°(co2) 
values obtained for the CO (2-0) band. This is 
well within experimental error, since the presence of 
unidentified overlapping bands made the funda- 
mental quite difficult to measure. 

Throughout this work it has been assumed that the 
broadening effect is linear with pressure. This was 
found to be the case, as is illustrated in figure 4. 

4. Conclusion 

Figures 2 and 3 show a regular correspondence 
between the half-widtli broadening parameter and 
the rotational quantum number, J, as was to be 
expected. This very definite relationship lias been 
explained by several investigators [10,11]. There 
was no appreciable difference demonstrated between 
the broadening effects on the fundamental and the 
harmonic bands in either of the two molecules under 
investigation. 

Since insufficient data were obtained regarding the 
pressure shift effect induced on S02-broadened HCl 
lines, no conclusions regarding this aspect of the 
present work will be drawn at this time. It may be 
noted, however, that a red shift was observed 
('^O.Ol ciLn~^/sitin) in some of the lines of the (2-0) 
HCl band, as has been reported by Hirshfeld, Jaffe, 
and Kimel [12]. 



The authors express their gratitude to W. S. 
Benedict for his many helpful comments and sug- 
gestions regarding this paper. 

(Paper 66A5-177) 
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Figure 4. The relationshij) between half-ividths and pressure. 

The HCI4-SO2 line is given for \m\ =2, and the CO+COaHneisgivenfor | w| =4. 
The numbers in parentheses indicate whether the data were obtained from the 
2-0 or the 1-0 band. 
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